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Abstract
Salamanders of the genus Plethodon inhabit cool, moist mature forests with cover
objects on the forest floor, like logs and rocks. Altering the forest environment through
management practices like timbering, may make some areas uninhabitable for salamanders.
Knowing what makes a degraded site uninhabitable may help us know how to modify some
management practices so that salamanders can still occupy the altered site.
In 2020, using a cover board study design, we began our comparison of the habitability
of three adjacent areas in a previously mowed area in the Peaks of Otter mountains: grass,
immature forest, and mature forest. This area is occupied primarily by the Peaks of Otter
salamander (POS), a species with a worldwide distribution of only 117 km2, and, to a limited
degree, by another, very similar species, the Eastern Redbacked salamander.
Data collected in June 2020 showed a significant increase in the mean number of POS
per cover board from grass to immature forest and finally mature forest sites. This increase
was potentially related to reduced temperatures across these sites. Sampling in October
produced POS only in the mature forest. Mean temperatures across the three sites were not
markedly different, rendering temperature as an unlikely cause for differences in salamander
numbers. It is unclear why salamanders vacated grass and immature forest sites.
Knowing the minimal set of factors needed to make a site habitable for a salamander can
aid in managing areas where timbering is permitted. Our board study has already shown
that the POS can occupy, at least for part of a season, a less than optimal habitat if cover
objects are provided. Leaving portions of downed trees after timbering would provide cover
objects for salamanders, which may make the area minimally habitable to salamanders as
the forest regenerates.

Results and Conclusions
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Figure 1. Peaks of Otter salamander, Plethodon
hubrichti.

Figure 2a. Distribution of the Peaks of Otter Salamander (P. hubrichti; blue dot, approximately 15
km along the Blue Ridge Parkway) and Eastern Redbacked Salamander (P. cinereus; red area and
image [2b]).

Figure 3. Sites for cover boards at the base
on Onion Mountain.

Introduction
Salamanders of the genus Plethodon inhabit cool, moist woodlands with cover objects,
like logs and rocks, on the forest floor (Petranka, 1998). Moisture is critical since they are
lungless, breathing through their skin, and their skin has to be moist for that mechanism to
work (Petranka, 1998). Moisture is also needed for them to forage successfully at the surface
without risk of desiccation. The environmental parameters necessary for salamanders to
inhabit a particular area are critical to know when forest management practices like
timbering alter the typical forest environment. What are the parameters necessary for an
area to be habitable to a salamander (temperature, moisture, cover objects, etc.) and is
there a minimum set of conditions needed in order to make an area habitable?
Additional questions would include whether those parameters differ between life stages
(neonate, juvenile or adults) for a particular species or differ between species? Some
Plethodon have distributions ranging over several states while others are found on just a few
mountaintops. Do wide-ranging species have a smaller set of minimum requirements or do
they simply tolerate a wider range of conditions?
We have an opportunity to explore the above questions in an area at the base of Onion
Mountain in the Peaks of Otter Mountains. This area, which is part of the Blue Ridge
National Park, had been mowed since at least 1990. In 2005, mowing ceased and natural,
vegetative succession began. This area is occupied by the Peaks of Otter salamander
(Plethodon hubrichti; Fig. 1) and it is at the very edge of the contact zone between this
species and the Eastern Redbacked salamander (P. cinereus; Fig. 2). These two species are
very similar in terms of size, diet, habitat requirements and microhabitat use, territoriality,
foraging time and strategy and nesting sites (Kniowski & Reichenbach, 2009; Kramer et al.,
1993; Petranka, 1998; Wicknick, 1995). While the two species are similar in many respects,
the Peaks of Otter salamander has one of the most limited ranges for any salamander while
the Eastern Redbacked salamander has one of the broadest ranges (Petranka, 1998). The
Peaks of Otter salamander is a montane species found primarily in mature, deciduous
forests at elevations greater than 442 m within a 117 km2 area of the Blue Ridge Mountains
in central Virginia (Pague & Mitchell, 1990). The Eastern Redbacked salamander is found
from Minnesota down to North Carolina and then up through Maine and then into portions
of Canada (Fig. 2).
In 2020 we began our comparison, using a cover board study design, of the habitability
of three adjacent areas in this previously mowed area at the base on Onion Mountain: grass,
immature forest and mature forest.

Methods & Materials
On 7 March 2020, 26 pine boards measuring 31 cm x 31 cm x 2.5 cm were placed at
three adjacent sites (12 m by 6 m) designated as Grass, Immature trees, Mature forest, near
the base of Onion Mountain in the Peaks of Otter area of the Blue Ridge National Park (Fig.
3). On 26 May 2020, Thermochron iButtons (Model DS1921G, Maxim Integrated, San Jose,
California) were placed randomly under three boards at each site to measure soil surface
temperature every 3 hours.
All three sites were examined for salamanders on 15 June 2020. The sites were checked
by carefully lifting each board, visually inspecting the area underneath for salamanders and
then we either captured the salamanders or moved them to the area just to the side of the
board. Then we replaced the board with as little disturbance to the area as possible and
placed any captured salamanders by the side of the board. For both P. hubrichti and P.
cinereus, we categorized them as adult, subadult, or neonate. The three locations were
checked again on 3 October 2020. The same methods used in the spring were used for the
fall inspection.
For the salamander data, we compared total number of Peaks of Otter salamanders per
board between the sites for the 15 June 2020 time-period using a Kruskal-Wallis test since
the data were not normally distributed. We also compared the data from 15 June 2020 to
that collected on 3 October 2020 on a per site basis using a Wilcoxon test.

Figure 4. Grass area (May) noting sparse ground vegetation.

Figure 5. Immature forest area (May) noting sparse ground vegetation.

Figure 6. Mature forest area (May) noting sparse ground vegetation.

The ground vegetation was sparse early in the field season at all three sites (Figs. 4 –
6) and the cover boards were easy to find on 15 June 2020. The trees were leafed out at
this time and, predictably, the temperatures recorded under the cover boards were
lowest for the mature forest followed by the immature forest and then grass (Fig. 7).
Considering that salamanders prefer cooler temperatures, the corresponding increase in
Peaks of Otter salamanders per board with decline in temperature was also predicted
(Fig. 8). The mean number of Peaks of Otter salamanders per cover board increased
significantly from 0.23 (grass) to 0.5 (immature forest) and then finally 0.62 (mature
forest) (Kruskal Wallis W= 6.4, df=2, P=0.04 with one significant difference between
grass and mature forest, P=0.038). No Eastern Redbacked salamanders were found.
On 3 October 2020, the ground vegetation was considerably more dense than
earlier in the field season. Cover boards were overgrown with vegetation and difficult to
locate in the grass (Fig. 9) and even more so in the immature forest (Fig. 10). Ground
vegetation in the mature forest remained similar to when we examined it earlier, and
the boards were easily visible (Figs. 6 & 11). A progression of temperatures across sites
similar to that found in the June sampling was not evident with either the mean or
maximum temperatures for the summer months (Fig. 12). The mean number of Peaks
of Otter salamanders per board was the same (0.62) in October and June at the mature
forest site (Wilcoxon W=638, P=0.3). One Eastern Redbacked salamander was found at
the mature forest site. There were no salamanders of either species found at the
immature forest or grass sites (Fig. 13). It is unclear why the salamanders left or when
they vacated the sites. Since the temperatures were similar across the three sites,
particularly the immature and mature forest sites, it is unlikely that it is correlated with
the exodus of the salamanders.
Based on the data from this research, as well as information from the literature, we
developed a list of factors that are associated with a site being habitable for our two
species of salamander.
I. abiotic
a. temperature - cool/low variability over active season
b. night-time humidity - high/low variability over active season
c. surface cover objects
II. biotic
a. adequate food (soft bodied invertebrates)
b. minimal number of predators
c. vegetation to forage on
d. animal burrows or plant roots to access subsurface soil for nesting sites and to avoid
surface temperature and humidity extremes
e. ground vegetation sparse enough to facilitate salamander movement

Figure 7. Average temperature (+ 1 SE) May-June 15.

Figure 8. Average number (+ 1 SE) of Plethodon hubrichti per board in June.

Knowing the minimal set of factors needed to make a site habitable for a
salamander can aid in areas where timbering is permitted. Our board study has already
shown that the Peaks of Otter salamander can occupy, at least for part of a season, a
less than optimal habitat if cover objects are provided. Since timbering is permitted in
National Forest areas, where the Peaks of Otter salamander is found, it would be ideal if
these sites were not totally cleaned up after timbering. Leaving portions of downed
trees such as branches and bark on the ground would provide cover objects for the
salamanders that survived the timbering process. Doing that may make the area
minimally habitable for the salamanders as the forest regenerates.

Future Work

Figure 9. Grass area (October) noting thick ground vegetation.

Figure 10. Immature forest (October) noting thick ground vegetation.

Figure 11. Mature forest (October) noting sparse ground vegetation.

•Sample cover boards more frequently since it is unclear when the salamanders left
the grass and immature forest sites.
•Based upon the list of site habitability factors, record additional information when
boards are checked such as predators (centipedes, large spiders or beetles).
•Mark salamanders with elastomer to determine where salamanders go when they
vacate the sites. Emigrating salamanders might move horizontally to new locations or
vertically down into the soil. Marking salamanders found under the cover boards earlier
in the field season and then relocating these marked individuals might be a way to
determine where emigrants go.
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